The Quarries of Iraqi Kurdistan metamorphic marbles (true marble) are distributed along a belt near and parallel to the Iranian border in northeastern Iraq. These marbles associated with low-grade pelitic and calc-schist (green schist facies) and phyllite. They are formed by regional metamorphism of different types of sedimentary parent rocks in an environment not exceeded that of green schist facies (400 C o and 8kb). The pelitic equivalent of the Kurdistan calcitic marble contains chlorite, albite, muscovite and biotite.
Introduction
The commercial marble includes both metamorphic (true) and sedimentary rocks that take polish and have enough beauty to be used as ornamental stone. Chook, (1954) [1] , used the term orthomarble for limestone that can be used for decoration. In this paper the term marble is used as a scientific term for only true marble including skarn type. The Iraqi marbles of Mawat and Penjween are locating at the extreme northeast of Iraq near the border with Iran ( Fig.1 ) According to tectonic classification of Buday and Jassim (1984) [2] , these
Marbles are located in the Thrust Zone. When the classification of Buday and Jassim (1987) [3] is considered, more accurate position of these marbles can be indicated within Penjween-Walash Subzone of Central Zone of Euogeosyncline. These marbles are associated with low-grade pelitic and calc-schist (green schist facies) or phyllite (Fig.2) . They are ranging from white calcite marble to different colored calc-silicate marbles.
They showing complex mesoscopic structures ranging haji57barzinjy @yahaoo.com 70 from simple featureless to complex faults contoured and foliated. Also some of the small structures may be called texture by some authors but here we use only structures. This is because all features treated here consist of mutual relation between differeent groups of grains (or crystals) so according to definition of Bates and Jackson (1997) [5] all these regarded as structure not texture which expresses relation between one group of grains have common boundary. However, the author inserted both structure and texture in the title of the paper because there is no agreement about the limit between small-scale structure and textures. An other reason for this is that commercially texture refers to all features and ornamentation, including what scientifically called textures that exist in polished slabs
The strikes of the foliation are generally NW-SE but their direction changed near the contact with the igneous bodies to coincide with the boundary of the bodies (Pshdary, 1983) [6] .They are associated with the following stratigraphic units: ). The depth of burial is estimated to be no more than 30km below surface. This is because the pressure was mainly shallow horizontal one. The homogenization increases by increasing of degrees of metamorphism till early total homogenization. When the rocks enter high grade of metamorphism it begin the processes of differentiation (segregation of materials). This latter process is not found in Kurdistan Marble because it occurs in high-grade metamorphic rocks (granulite and gneiss). According to Hyndman (1981) [9] homogenization is a process toward equilibrium and away from differentiation.
Main structures and their origins
The fieldwork and polished slabs showed that the sedimentary precursor features (structures and textures) could be studied through paragenesis of three types of Kurdistan marbles (as discussed below). The metamorphism of these features gives a series of features range from less to more perfectly formed foliation which belonging to low-grade green schist facies. This type of facies is inferred from study of surrounding metamorphosed pelitic rock, which is very sensitive to grade of metamorphism. There are many other types of marbles, which has simple and featureless background; these include gray, white or black marbles, which are not studied here because their paragenesis is simple which include lithification and metamorphism.
The main marble with complicate features are as following.
Black marbles with white spots
This type of marble exists in Shalair valley and Penjuin area ( Fig.1 and 2 ), which consist of black limestone (background which acts as host rocks) and contain spots and elongate patches of fracture filling recrystallized white calcite cement acts as guest materials, forming the foreground (texture) of this marbles. The end textures or structures show flow structure and gneissoid textures (Plate 2.2,2.3 and 4.2). The calcite is introduced during diagenetic processes before beginning of metamorphism. This marble passed through the following diagenetic and metamorphic processes. 1. Depostion of the lime mud in deep euxinic environment and rich in organic materials (Fig.3) . The lime mud latter changed to black fine grain limestones. This limestone is most possibly returned to Qulqula Radiolarian Formation or Jurassic Units such as Sargelu. This is because of the followings: A. Qulqula Group especially Qulqula Radiolarian Formation contains similar imestone and located near by the marble quarries of Penjuin and Shalair valleys The outcrops of this Formation can be seen at Nal Parez and Kani Manga villages ( Fig.1 and 2 Buday (1980) [10] and [3] as Middle Cretaceous. The back limestone of Qulqula may be deposited during Mid-Cretaceous "Global anoxic event", which mentioned by Allen and Allen (1993) [11] . According to latter authors, during Mid-Cretaceous, an oxygen deficient layer is developed as a result of high sea level. This layer preserves organic matter, which gives the resultant limestone black color. C. The author has found bedded chert inside the phyllite (host rock of the marble) directly south to the Penjuin Town (Plate1. 4). These cherts are only slightly metamorphosed because chert has more resistance to metamorphism as compared to limestone and shale or marl. 2. Deep burial of black marble and fracturing (or brecciation) due to shock or high horizontal tectonic stresses of plate collision. These stresses associated with compressional tectonics and thrust faulting during Arabian and Iranian plates colliding. It is possible that differential load pressure also generate fracturing and brecciation. The cleavage of phyllites and low-grade schist, which they dip, nearly vertical and strike NW-SE, shows that the tectonic pressure (in the NE-SW direction) was more effective than the load one. The breakage and brecciation generate small and large scale complicated fractures (Plate 2.1) with small fault (Plate 4.1 and 4.3), which later filled with white sparry calcite by crystallization from solution rich in dissolved CaCO 3 . This type of spary calcite is called, in this study, post tectonic fracture filling calcite cement. This leads to healing of the brecciated black limestone into coherence limestone mass.
The occurrence area of these marbles is regarded as the belt of metamorphism and igneous intrusion activities. Especially at great depth, the limestone is exposed to progressive high temperature and pressure so the calcite is decomposed and CO 2 gas and Ca ++ released and they migrate upward (as a solution) and along their way, they fill fractures and the CaCO 3 is precipitated as coarse white spary calcite cement.
According (Fig.3) . This generates many mesoscopic folds of different patterns, which their axes are inclined at different angles to former foliation. Sengupta and Koyi (2001) [13] showed many type of these deformations.
It was observed in all samples that the black background (organic and clay rich limestone) is showing more mobility and deformation and injected in to the pressure shadow areas (Plate 4.3) leading to main foliation texture which may shows flow and gneissoidal subsidiary textures. The more resistive part of the foreground (fracture filling calcite) may show ptygmatic structures (Plate 2.3), which are meandering, and worm-shaped. 
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The homogenization is occurring extensively at this stage, which identified by diffused boundary inter-digitated boundary of black and white components (Fig. 3) . Because of this some parts of the marble are changed to gray color. 4. When the rocks enter high grade of metamorphism, nearly total homogenization and mixing of components happen so that both appear as ghost and relict in each other. The mutual and interlocking of coarse crystallization of the two farther enhance.
Field and polished slabs showed that the green marble of Daro Khan is derived from these types of marbles by crystallization of green minerals such as chlorite, diopside and actinolite. 5. The final stage is slow exhumation (Fig.3) of the marble by erosion or tectonic uplift. During this uplift the marble may pass through one or more phases of fracturing, healing and shearing, which in some sample can be seen, on polished slabs as cross-cutting fractures and foliations.
Remark on this type
It is not necessary the background to be always black, the gray, milky or even green ones can be encountered. The same thing is true for foreground (texture and structure), which may take any color but the feature nearly remain same as indicated in the (Fig. 3) . The similar green marble is quarried near Daro Khan Village, Shalair valley. They contain chlorite and quartz minerals as disseminated small crystals, which their materials, most probably, introduced by metasomatism.
An experiment for type of deformations
In order to know the type of deformation (if plastic or brittle in addition to type of plasticity) and mixing of component in Kurdistan Marbles, the author has made use of an experiment using black and white dough (paste). This is done to simulate how Kurdistan marbles are formed, especially the black and green marbles with white spots and strings. The plasticity of the dough was same as that used for making bread in bakeries. The procedure stages of the experiment was as following: 1. Two global pieces of dough is prepared, a large black one and a white smaller one (Plate 3.1). Their weight was 150 and 75grams respectively. 2. Both are sliced in to five parts and then the black and white slices are combined into an alternated single sample. (Plate 3.2). In this sample the black dough is intended to represent the background (original black limestone before fracturing). But the white one is representing the fracture filling white spary calcite (foreground) that fills the fractures after burial of the black limestone. 3. The sample is deformed in two stages by hand. The first stage is included squeezing (kneading) and rolling four times. Then the sample is cut by knife in to two equal halves. The features (structures and texture) resulted from plastic deformation and mixing is photographed (Plate 3.3) .
4.
The two halves are rigorously deformed together during which more than 12 times flattened and rolled.
The result of the experiment
The features formed in the stage no.3 are much similar to those structures and textures present in the some marble of Kurdistan. This is because of the following: Gray marble with black discontinuous line and lenseoidal seams. Through this type of marble the author has combined important types of structures and textures of marble with those of sedimentary rocks, which are formed by diagenetic processes. This is done by constructing a triangle derived from the triangle of Walness (1969) [14] to illustrate the metamorphic products of these structure and textures included in the Walness triangle after metamorphism (Fig.4) . This latter triangle is showing all features (structures and textures), which produced by solution compaction. These features include solution seams (sutured, non-sutures and stylolites) and non-seam solution. When impure and dirty limestone subjected to pressure, different type of small-scale features produced depend on the intensity of pressure, degree of limestone impurities, and content of pressure resistive or nonresistive grains. In addition to these Walderhanug and Bjorkum,(2004) [15] found stylolite in sandstone (quartz arenite) and attributed stylolite to clay content of the sandstone. These structures can be easily distinguished after metamorphism especially those of low and intermediate grade. [16] returned stylolite growth to thin clay interlayers. In contrast to black marble with white spots, the pressure on the present one did not suffer from severe shocks or differential pressure so they contain little relict of fractures. Other reasons for this is may be returned to thickness of this limestone in which the pressure released by reduction of thickness due to compaction and subsequent solution. It is also possible that these marbles are affected by temperature more than pressure. 3. During farther burial, the limestone reaches the zone of metamorphism (zone of green schist facies). Both fine and coarse limestone crystallizes to more interlocking mosaic texture. The stylolite and solution seams changes to foliation texture and suffer from homogenization and mixing of materials so that the marble takes a gray or milky color (Plate 2.4) and (Fig.5) . But this is a minor as compared to the black marble. This is because, as mentioned above, the pressure is not high during metamorphism. 
Gray marble with continuous line and bands
This has gray background contain long continuous black lamina-like bands forming well-developed apparent foliation (Plate4.1). The origin and depositional of these laminations (or bands) are relict of the original clay rich lamination in the parent sedimentary rocks. It is possible that during burial and metamorphism the clay and other insoluble materials are added to the bands so that their size enlarged and colors difference taken more contrast.
The quarries of these marbles exist in the Penjuin and Shalair valley. The author returnes these marble to parent rocks of Qulqula Radiolarian Formation and Walash Naoperdan Series, which contain lamination in the limestone of some parts as seen by the author. ÍºËhOÐÔÍÁ@¾ÌºkÎÙ ¶Á?iÎg@¡Ù} ÍoÐG ˶ A ˶ Ïö gÐOÚ &
